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Magnetic Field of the Earth

The gecgraphic Nerth Pole is a
magnetic south pole.

Magnetic
field lines

The Earth's magnetic field 1s similar to that of a bar magnet.

The magnitude varies over the surface of the Earth in the range 0.3 to 0.6

Gauss.
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Earth’s Magnetic Field - Solar Wind ((("ﬁ\\\
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Interaction 7

The solar wind pushes and stretches Earth’s magnetic field into
comet-shaped region called the magnetosphere. The magnetosphere
==m and Earth’s atmosphere protect us from the solar wind and other —

kinds of solar and cosmic radiation.
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The magnetosphere is the shield that protects the Earth from the
solar plasma particles because they have difficulty in moving
across the magnetic field lines.




The Scales of the Universe:
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Human scale: (an order of magnitude) 1 meter
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The Scales of the Universe:
hiwins.net/scale2/

Distance from
Earth to Moon Kapteyn's Star

10°m




1 R;, (Earth’ s radius) = 6370 km
1 Rg (Solar radius) ~ 110 Ry
1 AU (Distance between the Sun and the Earth ) ~215 Rq




Structure and Dynamics of
Magnetosphere Depend on
Conditions in Solar Solar Wind

Dynamic

Magnetic
pressure \ regssu re
of solar wind P

Typical quite

solar wind: f

p=5ncc Solar Wind
V =400 km/s P - density
B=5nT

V - velocity

Typical magnetopause standoff distance is 10 - 12 R¢




Magnetosphere for Southward and Northward

IMF Orientation

interplonetary Field Southward

D

interplanetary Field Northward

Structure and dynamics of
the magnetosphere is
strongly depends on
orientation of magnetic field
in solar wind (Interplanetary
Magnetic Field — IMF)

with respect to the Earth’s
dipole field



Solar Wind Monitor at

Advanced
Composition
Explorer

L1 (Solar Wind Monitor ACE location): ~ 200 R sunward
eeeeemssm YOU can fit 1 Sun between the Earth and L1. S
2 Ry (Solar diameter) ~ 220 Ry



Solar Wind Parameters at ACE /‘-

P on 04/05/2010 ﬂ 'IJ g

ISWA nacacive Timwhon - ACE Magnete Fekd
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Solar Wind Speed at ACE
for 9 months

MBulk Speed Zoom: In Out full Pan: left right




in Global MHD Simulations

Magnetosphere y.
7

CoMMUNITY
O COORDINATED http://ccmc.gsfc.nasa.gov/
e ungrouped/GM_IM/GM_main.php ¢ Links

CENTER

About \ Models at CCMC ‘ Request A Run ‘ View Results \ Instant Run ‘ Metrics and Validation

Global Magnetosphere Simulation Results

e View ALL Runs on Request
¢ View simulations with MODELED conditions
e View simulations of REAL EVENTS
<—vView general purpose runs for education and research —

SEARCH database for string(s):
At present, we do not support multiple string search, so please only enter one string




Magnetosphere
For Steady Solar Wind Conditions

Sort by: Model Vx IMF Clock Angle SW Density (N) IMF Magnitude (|B|) IMF Bz IMF By Conductance Model

Total Number of Runs in the Database: 3739

Number of Educational Runs in this Database: 37
[ RunNumber | Vx| N | [B| |IMFClockAngle| Bx | By | Bs |
[CCMC_CCMC_011006_1| “400-00000 | 5.00000 | 5.00000 |  180.00000 _ [0.00000]| 0.00000 | -5.00000 I
[CCMC_CCMC_o11006_2| “400-00000 [15.00000 [ 5.00000 | 180.00000  [0.00000 0.00000 |[-5.00000 ||
[CCMC_CCMC_o012006_1]400-00000 [30.00000][ 5.00000 [ 180.00000  [0.00000 0.00000 [ -5.00000 |
[CCMC_CCMC_o12006_2| 70000000 [ 5.00000 [ 5.00000 [ 180.00000  [[0.00000] 0.00000 | -5.00000 ||
[CCMC_CCMC_o12006_3| -700-00000 [15.00000 [ 5.00000 [ 180.00000  [[0.00000][ 0.00000 |[ -5.00000 ||
[CCMC_CCMC_o12506_1 -1000.00000 [ 5.00000 [5.00000 [ 180.00000  [0.00000][0.00000 [ -5.00000 |
[CCMC_CCMC_020906_1-1000.00000 [15.00000[ 5.00000 [ 180.00000  [[0.00000][ 0.00000 |[ -5.00000 |
[CCMC_CCMC_020906_2/-1000.00000 [30.00000][ 5.00000 [ 180.00000  [0.00000 0.00000 [ -5.00000 ||
[CCMC_CCMC_021606_1] 40000000 [ 5.00000 [20.00000|  180.00000  [0.00000[ 0.00000 [[-20.00000||
[CCMC_CCMC_o21606_2] -400.00000 [15.00000 [20.00000 [  180.00000  [0.00000[ 0.00000 [-20.00000||
[CCMC_CCMC_042308_1] “400-00000 | 5.00000 [ 0.00000 || 0.0 [0.00000][ 0.00000 || 0.00000 ||
[CCMC_CCMC_050808_1] 40000000 | 5.00000 || 0.00000 | 0.0 [0.00000][ 0.00000 |[ 0.00000 |
[CCMC_CCMC_050808_2) 40000000 | 5.00000 || 0.00000 | 0.0 [0.00000 [ 0.00000 || 0.00000 ||
[CCMC_CCMC_050808_3 40000000 | 5.00000 | 0.00000 | 0.0 [0.00000[ 0.00000 || 0.00000 ||
[CCMC_CCMC_053006_1] “400-00000 [ 5.00000 [0.00000 [ 0.00000  [[0.00000][ 0.00000 [ 0.00000 ||
[CCMC_CCMC_053006_2| 40000000 [ 5.00000 [0.00000 [ 0.00000  [[0.00000] 0.00000 [ 0.00000 ||
[CCMC_CCMC_053106_1] 40000000 [5.00000 [5.00000 [ 0.00000  [[0.00000[ 0.00000 [ 5.00000 |
[CCMC_CCMC_053106_2] 40000000 [ 5.00000 [5.00000 [ 90.00000  [[0.00000 5.00000 [ 0.00000 ||
[CCMC_CCMC_060806_1] 40000000 [ 5.00000 [20.00000[  90.00000  [[0.00000/[20.00000][ 0.00000 ||

| CCMC_CCMC_060806_2| 40000000 [ 5.00000 [20.00000[  90.00000  [0.00000/[20.00000][ 0.00000 |

[CCMC_CCMC_060906_3) 40000000 | 5.00000 |40.00000|  180.00000  |[0.00000 | 0.00000 [-40.00000 ’_



Magnetosphere:
Northward IMF

X: Earth to Sun
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Red lines (closed): Magnetic field (MF) lines with both ends connected to the Earth
Black lines (open): MF lines with only one end a the Earth
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Magnetosphere:
Southward IMF
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Northward IMF

Northern Hemisphere
oSN

PR B TS PR [T T S S 1

Currents into lonosphere &

Polar Cap

0.500 T

0.250

== dusk

1
= 0.000
=

~0.250

—0.500

dawn

L +0.0711

0500 0.250 -0.000 —0.250 —-A4.5

Model_gt COMC: v [Re]
BATSRUS midnight

—-2.07 1M

Southward IMF

Northern Hemisphere
naon

0.500 T

0.250 1

= dusk dawn
o
= D.000
=
1A
—0.250 Je [oa]

—0.500

0.500 0.250 —0.000 —Q.250 —0.5
[R] —Q.287
Model_at COMG: ¥
BATSRUS midnight



Magnetosphere:
North to South Turnin
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Magnetosphere
in Different Cut Planes

20.

Magnetotall M agnetopaus o
y [Rel
0.
J &A
D.IET;JQB —10. J ['Ln%Az]
0.01025
-30. —20. —10. 0. 10. TS —20.
Model at COMC: BATSRUS % [Rel —30. —20. _10‘[ ] 0. 10. 6.00000
' ] . X F">E
Magnetotail current sheet osel ot CONE: DT3RS

01/01/2000 Time = 02:00:00 UT x= —15.0Rg

cross-tail cut X=-15 Rg

4
0.00390

Model at CCMC: BATSRUS



Magnetosphere:

SWMF Magnetosphere Y Cut - Mag Field GeOSynch : %Mif Rpausgosﬁ R
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Degree of compression of MP
Due to Pdyn of solar wind
(interplanetary shock or HSS)

3Day Magnetopause Standoff
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"planetarische Kennziffer" ( = planetary index).

- Geomagnetic activity index

range from 0-9 disturbance levels of
magnetic field on the ground - currents

1.Non-event - period of 12/01/2010 —
12/7/2010

2.Moderate event — April 5, 2010
3.Extreme event - Oct 29 — Oct 31, 2003

http://bit.ly/Kp layout Threshold Kp>=6




Watch the video ‘J‘

e —

Mysteries of the Sun : Magnetosphere

http://missionscience.nasa.gov/sun/
sunVideo_04magnetosphere.html



Inner Magnetosphere
(up to ~ 10 RE)

Plasma Mantle

Tail Lobe

Plasmasphere




Electron Total Flux.
Energy 63.3 keV. Color Contour
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Ring Current: D
uiet vs. Active

Fok Ring Current electrons at 22.5 keV -
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HSS and Radiation Belt (@

Electron Flux Enhancement %
N

Click the check boxes to toggle series visibility




ISWA Layout:
04/05/2010

http://iswa.gsfc.nasa.gov/IswaSystemWebApp/index.jsp?
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